hemorrhage 8 ; subcutaneous low-molecular-weight heparin is preferred over intravenous unfractionated heparin. 9, 10 The
American Heart Association/American Stroke Association (AHA/ASA) scientific statement on CVT suggests that 9% to 13% of patients will have clinical deterioration and poor outcomes despite treatment with anticoagulation, resulting from incomplete recanalization and/or persistent thrombosis. 3 US and European guidelines recommend endovascular therapies (ETs) if patients with CVT continue to deteriorate despite anticoagulation. 3, 8 ETs are increasingly advocated and include mechanical thrombectomy and intrasinus chemical thrombolytic 11 ; however, at the time of the guidelines in 2010 and 2011, evidence for the use of ET was supported mostly by small case series and case reports. A randomized controlled trial is currently under way to determine the role of ET in CVT. 12 Our knowledge of CVT has grown in recent years with the conduct and publication of national and international multicenter studies including the ISCVT with 624 cases in 21 countries, 6 VENOPORT (Cerebral Venous Thrombosis Portuguese Collaborative Study Group) with 124 Portuguese patients over nearly 20 years, 13 and a US 10-center study of 182 patients over 10 years. 14 These studies helped clarify the presentation, diagnosis, and prognosis of CVT. The CVT literature, however, is dominated by small case series, case reports, and systematic reviews. Less than 2% of all publications include at least 40 patients with CVT. 15 Previously, the largest single-center studies of CVT included 102 patients 16 and 106 patients 17 and, more recently, 26-year follow-up of 161 patients. 18 Our comprehensive stroke center (CSC) has a high volume of CVT, at nearly 20 cases annually, and an active interventional neuroradiology program that performs 150 neurointerventional cases annually. The purpose of this study is to examine the epidemiology, treatment, and prognosis of CVT in a large cohort of 152 patients over 8 years, with a focus on our current experience with ET in 73 patients, representing one of the largest single-center series to date.
Methods
This retrospective cohort study was conducted at Swedish Medical Center, located in the Denver, Colorado, metropolitan area. Our CSC is the highest volume neurology center in the Rocky Mountain region and serves as the primary referral center for neurosciences and comprehensive stroke care.
Patients with CVT were identified from the CSC stroke department's registry, a prospectively entered database of all inpatients with known or suspected stroke diagnosis. All consecutively admitted patients diagnosed with CVT from January 1, 2006, through December 31, 2013, were identified, and data were collected from the existing registry and through retrospective chart abstraction through hospital discharge for the index admission. Patients aged <18 years were excluded. The HealthOne institutional review board approved this retrospective study with a waiver of informed consent.
Institutional Management Protocol
The institutional management of CVT includes an examination by a neurologist for all suspected cases, confirmation by radiography, identification of underlying cause and etiology, determination of need for anticonvulsant prophylaxis, anticoagulant therapy using unfractionated or low-molecular-weight heparin, and oral anticoagulant therapy for a minimum of 3 to 6 months.
Patients who were treated with ET were those for whom conventional management failed. Reasons for failure of conventional management included continued neurologic deterioration despite treatment with systemic anticoagulants; presentation with brain edema, hemorrhage or infarction; clot progression; or sinus reocclusion.
ET procedures were usually performed with ultrasoundguided venous access of the internal jugular vein and placement of a vascular sheath. Chemical thrombolytic (1-10 mg of tenecteplase) was used to lace the clot in most cases. The choice of ET (chemical thrombolytic, mechanical thrombectomy, or both) was based on clinician preference but in part was determined by the location of occlusion in the cerebral veins or sinuses and any accompanying venous congestion or intracranial hypertension. Patients were typically maintained on intravenous heparin during the procedure and continued on anticoagulation afterward.
Clinical Perspective
What Is New?
• This large single-center cohort represents more severe cases of cerebral venous thrombosis, with 75% of the patients being transferred into the comprehensive stroke center for definitive care and nearly 50% requiring endovascular therapy because of failure of conventional management; covariates significantly associated with favorable prognosis were delineated by requirement of endovascular therapy.
What Are the Clinical Implications?
• First, consideration for endovascular therapy should be given to selected patients with cerebral venous thrombosis for whom conventional management failed. Second, the prognosis of cerebral venous thrombosis varied depending on numerous clinical characteristics, most importantly presentation with cerebral edema, migraine history, motor weakness, and hormonal etiology (pregnancy, puerperium, and contraceptive use). We also examined the use of anticoagulant therapy, diagnostic imaging modality, and endovascular technique (mechanical thrombectomy, chemical thrombolytic, or combination).
Our primary clinical outcome was the modified Rankin Scale (mRS) at hospital discharge, stratified into mRS scores 0 to 1 (complete recovery to no or mild symptoms) versus 2 to 6 (disability or death). Secondary outcomes used to assess the safety and efficacy of ET included rates of procedural complications and recanalization (complete, partial, and unsuccessful).
Statistical Analyses
Statistical analyses were performed using SAS software, version 9.3. Statistical significance was set at P<0.05. We collected 31 covariates that have been identified as causative or prognostic for CVT. We univariately examined the association between these covariates with complete recovery and selection for ET using Pearson v 2 tests and Fisher exact tests for categorical variables and t tests for continuous variables. We used multiple logistic regression analysis with the Firth method, 19 an approach to reducing small sample bias in maximum likelihood estimates, to examine which of the marginally associated covariates from the univariate analysis (P<0.15) were predictive of complete recovery to mRS 0 to 1. Correlations and interactions between the 12 marginally associated covariates were examined before analyzing the full final model. Results are presented as adjusted odds ratios and 95% confidence intervals. Given the relatively small sample size and the large number of covariates, we assessed the model using cross-validation with the "leave one out" principle and used the cross-validated predicted probabilities to perform a receiver operating characteristic curve analysis. The area under the receiver operating characteristic curve (AUROC) is presented for the full model and the cross-validated model. We also repeated the multiple regression analysis for those who required ET and those who did not to examine variables that were predictive of favorable prognosis by ET status in our series. Key multicenter studies examining prognosis of CVT did not have large representations of patients treated with ET, ranging from only 4% to 15%.
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Results
Clinical Presentation
A total of 152 patients were admitted and treated for CVT over the 8-year study period and are described in Table 1 . The average age was 42 years, 69% were female, and 73% were transferred into the CSC. In general, the population presented with severe CVT, as shown by the high rates of cerebral edema in 63%, CVT of the straight sinuses in 26%, and altered mentation in 25%. The average number of presenting signs and symptoms was 3, with the most common signs and symptoms of headache (86%), nausea (35%), and vomiting (32%). Overall, 84% of patients had >1 vein or sinus involved, including the transverse sinus (86%), sigmoid sinus (62%), and superior sagittal sinus (57%). Hormonal etiologies were most common, reported in 50% of female patients; however, in the overall population, patients presented with inherited etiology (31%), an autoimmune etiology (30%), and an inciting event (22%; Table 1 ).
Management and ET
Diagnosis of CVT was made by magnetic resonance imaging or magnetic resonance venography in 67% and with computed tomography angiography or computed tomography venography in 33%. Coagulopathy panels were performed in 92%. All patients received systemic anticoagulation; 4 patients with hemorrhagic CVT received anticoagulation only after ET.
Endovascular techniques were utilized in 49% of patients (n=73). The proportion of patients receiving ET did not change significantly over time (Cochran-Armitage trend across study year, P=0.63). Various ET methods were used, but the combination of mechanical and chemical thrombolytic was used most often (63%), whereas 25% received only chemical thrombolytic and 12% received only mechanical thrombectomy. Mechanical thrombectomy was routinely performed with balloon thromboembolectomy (91%) using a 3-or 4-French Fogarty balloon catheter.
Univariate associations between covariates and ET are shown in Table 2 ; transfer into the CSC, multiple vein involvement, cerebral edema, an inherited etiology, and several signs and symptoms were associated with ET. The primary reasons for requiring ET included cerebral edema, herniation, or hemorrhagic infarct (n=38); neurologic decline (n=17); rethrombosis, persistent occlusion, or clot propagation (n=10); extensive clot burden (n=7); and persistent headache despite anticoagulation (n=1).
Modified Rankin Score
Full recovery to mRS scores 0 to 1 was observed in 60%. Variables associated with full recovery are shown in Table 3 and included age, transfer status, history of migraine, cerebral edema, hormonal or inciting event etiologies, and the following signs and symptoms: altered mentation, headache, and motor impairment. Using multiple regression analysis, covariates that were identified as independent predictors of full recovery to mRS scores 0 to 1 are shown in Table 4 and include migraine history (adjusted odds ratio: 4.87, P=0.05) as a positive predictor, with negative predictors of cerebral edema (adjusted odds ratio: 0.11, P<0.001) and motor impairment (adjusted odds ratio: 0.28, P=0.04). There was a significant interaction between hormonal etiology and transfer status for recovery (P=0.03): In patients transferred in, the presence of a hormonal etiology increased the odds of full recovery 7-fold, whereas there was no difference in favorable outcome by hormonal etiology status in those who were not transferred (Table 4) . In other words, transfer status was not prognostic in patients with hormonal etiology (full recovery: 83% and 85% in those transferred and not transferred, respectively) but was prognostic in those without a hormonal etiology (full recovery: 35% and 77% in those transferred and not transferred, respectively). Covariates that were marginally associated with favorable prognosis but were not predictive after adjustment included superior sagittal sinus involvement; inciting event etiology; and signs and symptoms of altered mentation, headache, aphasia, and seizure. The AUROC of the full model was 0.91, and the cross-validated model AUROC was 0.86; an AUROC ≥0.90 is considered to show excellent model accuracy (receiver operating characteristic curve shown in Figure S1A ).
Patients managed with systemic anticoagulation were more likely to achieve full recovery than those who required ET, as expected (78% versus 42%). Covariates significantly associated with favorable prognosis in univariate analysis by ET status were history of migraine, cerebral edema, headache symptom, and hormonal etiology. Results of the multiple regression analysis by ET status are shown in Table 4 . In patients requiring ET, hormonal etiology was the only predictor of full recovery, increasing the odds 5-fold. Complete recovery was observed in 73% (19/26) with hormonal etiology versus 24% (11/46) without. In patients not requiring ET, cerebral edema was the only predictor of full recovery: the absence of cerebral edema increased the odds of full recovery nearly 4-fold. Complete recovery was observed in 88% (38/43) without cerebral edema versus 63% (19/30) with cerebral edema. The AUROCs of the full and crossvalidated models were 0.85 versus 0.75 for ET and 0.83 versus 0.69 for no ET (receiver operating characteristic curves shown in Figure S1B and S1C).
Distributions of discharge mRS overall and across covariates that were significant in univariate and multiple regression analysis are shown in Figure. Patients with motor impairment had the least favorable distribution of mRS, whereas patients with history of migraine and hormonal etiology reported highly favorable mRS distributions. CVT resulted in death in 15 patients (9.9%). Cause of death was cerebral edema and herniation (n=8), intracranial hemorrhage and brain death (n=3), respiratory failure (n=1), hydrocephalus with increased intracranial pressure (n=1), infarct (n=1), and cerebellar hematoma expansion on heparin (n=1). Interestingly, all but 1 patient who died presented with cerebral edema (93%, 14/15), and all but 1 patient without cerebral edema survived (98%, 54/55).
Secondary Outcomes and ET
There were 7 procedural complications with ET (10%): 4 wire perforations resulting in epidural or subdural hematoma in 3 patients and 1 each of femoral vein puncture and retroperitoneal hemorrhage, external iliac artery clot, and new hematoma. Three patients were selected for ET, but during the procedure, the thrombus was found to be nonocclusive. Recanalization following ET was successful in 61%, partial in 30%, and unsuccessful in 9%. There were also 5 patients who rethrombosed after the procedure. 
Discussion
To the best of our knowledge, this is the largest reported single-center cohort of patients with CVT to receive ET. We included all consecutively admitted patients presenting with CVT over 8 years who were treated by a core group of experienced neurologists and interventional neuroradiologists at our CSC, which serves as the primary referral center for the entire Rocky Mountain region. This study does not have publication bias, which is often found regarding rare conditions or emerging treatments for which the primary publications are (generally successful) case series. In addition, our study avoided sources of bias that can be observed in national and international registries, which can include incomplete case ascertainment, lack of uniform collection of etiologic factors and presenting signs and symptoms, and variations among hospitals in the diagnosis and treatment of patients. There are study limitations. First, our population represents severe cases of CVT, with 75% of the patients being transferred into the CSC for definitive care and nearly 50% requiring ET because of failure of conventional management. Our findings might not be generalizable to centers that see less severe cases of CVT, especially centers that are less well equipped to utilize ET in patients with CVT. Second, the analysis and design was retrospective; therefore, we did not collect all relevant variables. Third, long-term follow-up was not collected in these patients; however, studies reporting longterm follow-up of CVT demonstrated no significant difference between the hospital discharge mRS and the 6-month mRS. 5 Notably, 88% of patients who completely recovered at a mean of 12 months were already fully recovered at hospital discharge. 13 Finally, CVT mainly affects younger adults and children. 20 Our results cannot be generalized to all patients with CVT because we excluded patients aged <18 years. Key take-home points from this study are as follows. First, our large population-based US cohort clarified the epidemiology of CVT, which mirrored national and international studies demonstrating that CVT commonly presents with headache and disproportionately affects young women but otherwise is a heterogeneous condition. Second, the prognosis of CVT varied depending on numerous clinical characteristics, most importantly, presentation with cerebral edema, migraine history, and hormonal etiology (pregnancy, puerperium, and contraceptive use). Third, ET might be a safe and effective treatment for CVT in patients for whom conventional management has failed.
Even in a group of severe CVT cases, with three quarters being transferred to the CSC for definitive care, 60% of patients fully recovered by hospital discharge. This rate is similar to the complete recovery rate at discharge of 66% in the ISCVT cohort of 624 patients 6 and 68% in the VENOPORT study of 142 patients. 13 Despite the similar rates of recovery, variables that were prognostic differed between our study and those recognized by the AHA/ASA (which were largely the risk factors that were prognostic in the ISCVT and VENOPORT studies): older age, male sex, coma, neurological deficit, encephalopathy, hemiparesis, seizures, straight sinus involvement, deep CVT, venous infarction, cancer, central nervous system infection, and hereditary thrombophilia. 3, 6 Patients in our cohort with particularly favorable prognoses were those with history of migraine (90%) and those without cerebral edema (87%). Our robust regression analysis identified that the absence of cerebral edema was the strongest predictor of complete recovery, increasing the odds 9-fold. Cerebral edema was present in 63% in our cohort, similar to rates in another monocentric study of 59%. 21 Cerebral edema has not been consistently identified as prognostic in patients with CVT, likely because there are varying degrees of cerebral edema due to size and venous location of the occlusion, as well as different types of edema (vasogenic and cytotoxic). Cause of death was due to edema and herniation in 48% in the ISCVT cohort, 22 similar to our study's rate of 53%. Migraine was another significant but unanticipated predictor of full recovery identified in our robust, validated model of all patients with CVT. Patients had confirmed diagnosis of migraine (not just self-reported or presenting with migraine); all but 1 patient were on a prescribed prevention or treatment agent for migraine. There are no published reports demonstrating a favorable prognosis after CVT in patients with migraine. The Women's Health Initiative study was the first to directly report an association among migraine, stroke, and favorable prognosis: Those with migraine were more likely to have both stroke and good functional outcome (mRS score 0-1, relative risk: 2.33). 23 In our study those with migraine had a >2-fold rate of complete recovery overall and in the presence of other risk factors. In those with cerebral edema, for example, the rate of complete recovery was 82% with history of migraine versus 40% without migraine. The mechanism by which treatment for, history of, or presentation with migraine might be protective in patients with CVT is unknown, but this association deserves further study, given the 15% prevalence of migraine accompanying CVT. We also identified a significant interaction between hormonal etiology, transfer status, and favorable outcome. These results suggest that hormonal etiology is favorably prognostic in all patients, and transfer status may be a proxy for CVT severity that is not accounted for in our other covariates. Hormonal etiology was also identified as a significant predictor of complete recovery in the ET population, increasing the odds 5-fold. We did not identify a statistically significant interaction among hormonal etiology, transfer, and outcome in the ET population, although the same pattern was identified: Patients who were transferred in and treated with ET were more likely to have complete recovery if they had a hormonal etiology than those without (76% versus 16%), whereas there were no differences in outcome by hormonal etiology status in patients who were not transferred in and received ET (60% versus 56%). Nevertheless, a word of caution should be given because the regression analyses were less accurate when stratified by ET; the AUROC in patients requiring ET was 0.85 (good) but only 0.75 (fair) with cross-validation.
Evidence of the safety and efficacy of ET in patients with CVT is primarily limited to case series and systematic reviews. Notable systematic reviews include a 2009 review of 71 publications with 161 patients with CVT and ET 24 and a 2015 systematic review of 42 studies with 185 patients. 25 The latter review reported 26% procedural complications and 74% complete recanalization. The largest nonsystematic review was a multicenter study of 63 patients examining mechanical thrombectomy versus chemical thrombolytic alone, reporting periprocedural complications in 35% and complete recanalization in 50% (no differences by type of ET). 26 Our study's recanalization rate of 61% is consistent with these reports, whereas our 10% procedural complication rate is lower than reported rates. Most published studies conclude that ET for CVT is promising but that there is no reason to recommend it in patients likely to have a good outcome, primarily because of the lack of randomized controlled trials. 27 Our large cohort of 73 CVT patients treated with ET substantially contributes to the literature and suggests that ET might be safe and effective for CVT in patients for whom conventional management failed or was inadequate. This study, however, was observational and not intended to assess the efficacy and safety of ET compared with standard of care. Only a randomized controlled trial can clarify the role of ET in the treatment of CVT. 8 The randomized controlled trial examining the efficacy of ET versus systemic anticoagulation in patients with severe forms of CVT will be able to substantiate our findings.
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In conclusion, our study has important prognostic implications, in particular, demonstrating the absence of cerebral edema and motor impairment and showing the presence of hormonal etiology and history of migraines as predictors of full recovery from CVT. Our findings also suggest ET might be a safe and effective treatment for CVT in patients for whom conventional management has failed.
